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Chapter 5 
 

HYDRINO CATALYZED FUSION (HCF) AND PROTON DECAY 
Fusion reaction rates are extraordinarily small [47].  In fact, fusion is virtually impossible in the laboratory.  A high relative 
kinetic energy corresponding to extraordinary temperatures of the participating nuclei must be sufficient to overcome their 
repulsive potential energy.  The recent NIF experimental results confirm that so called “ignition” requires 250,000,000°C and a 
deuterium-tritium density of ten times that of lead to achieve about 0.2% fusion power over that input to the NIF lasers.  In this 
case, the lasers consumed 500 trillion watts of power, 33 times the peak power of the entire world!1   

Cold fusion regarding hydrogen loading, excess hydrogen absorbed in a metal lattice, to force nuclei together is not 
possible since the Coulombic energy barrier is 0.1 MeV [47].  Whereas the vibrational energies within crystals are much less, 
about 0.01 eV.  Coulombic screening is also not plausible based on the known crystalline structure of metal hydrides.  Given the 
relationship between temperature and energy, 11,600 K/eV, the disparity in temperature in both cases is 1.16 X 107 versus 116 
K, a factor of one hundred thousand.   

Albeit, it is still high-energy physics involving colliders, muonic catalyzed fusion may propagate at a high rate at more 
conventional plasma temperatures.  Rather than directly using high temperature and density conditions, fusion occurs by a 
muonic catalyzed mechanism involving forming muons in a high-energy accelerator that transiently replace electrons in atoms 
and molecules (time scale of the muon half-life of 2.2 s).  In muon catalyzed fusion [48-49], the internuclear separation of 
muonic H2 is reduced by a factor of 207 that of electron H2 (the muon to electron mass ratio), and the fusion rate increases by 
about 80 orders of magnitude.  A few hundred fusion events can occur per muon (vanishingly small compared to Avogadro’s 

number of 
236.022 10X ).  To be permissive of even this miniscule rate of fusion, the muonic molecules provide the same 

conditions as those at high energies.  Correspondingly, the vibrational energies regarding the movement of the nuclei towards 
each other in an oscillating linear manner can be very large in the muonic hydrogen case, E

vib
207 X  0.517 eV 107 eV  

wherein   is the vibrational quantum number.  During the close approach of the vibrational compression phase, the nuclei can 
assume an orientation that allows the mutual electric fields to induce multipoles in the quarks and gluons to trigger a transition to 
a fusion product.  The highest vibrational energy states such as the state   9 with E

vib
107 eV  9X107 eV  963 eV  are at 

the bond dissociation limit.  Given the extraordinary confinement time in a bound state, these muonic molecules have 
sufficiently large kinetic energy to overcome the Coulombic barrier for fusion of the heavy hydrogen isotopes of tritium with 
deuterium at just detectable rates.  

Fusion in the Sun occurs due to extreme gravitational compression and thermal temperatures that provide sufficient 
confinement time, enormous reactant densities, and incredible e137nergies.  But even here, the Sun considered as a fusion 
machine of 301.412 X10  liter  outputting 263.846 10  X W  corresponds to a feeble 272 /W liter .  Fusion bombs (e.g. Tsar 
Bomba) require ignition by a fission bomb that produces power density on the order of 

  
15

12

-3 7

240 10  
  8.8 10  /

10  2.7 10  

X J
X W liter

s X liters
 , 16 3.2 10X  times the average power density of the Sun.2   

Next, consider the feasibility of hydrino catalyzed fusion (HCF) based on a similar mechanism to that of muonic 
catalyzed fusion.  Once a deuterium or tritium hydrino atom is formed by a catalyst, further catalytic transitions 
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,  and so on may occur to a limited extent in competition with molecular hydrino formation that 

terminates this cascade.  The hydrino atom radius can be reduced to 1 p  that of the n 1 state atom.  Analogous to muonic 

catalyzed fusion, the internuclear separation in the corresponding hydrino molecules is 1 p  that of ordinary molecular hydrogen 
as given in the Nature of the Chemical Bond of Hydrogen-Type Molecules and Molecular Ions section (Eq. (11.204)).  As the 
internuclear separation decreases due to high p states, fusion is more probable.  As p becomes large, relativistic effects (e.g. 
relativistic electron mass and kinetic energy) become appreciable for the energy transferred from a hydrino atom and accepted 
by the catalyst that provides the corresponding energy hole.  As in the nonrelativistic case, the energy transferred is the potential 

 
1 It is also remarkable that the NIF device cost $3.5B, and the fusion pellet cost $1M for a single shot that requires months to 
repeat.  The product was less than one cents worth of radioactive thermal as an explosive shock wave. 
2 Arc current detonation of hydrated silver shots and other conductive solid fuels comprising a source of hydrogen and a source 
of HOH catalyst yielded power densities comparable to those of nuclear weapons [50-54].  
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energy of the hydrogen-type atom H(1/p) that transitions to a lower energy state, divided by p2, the total number of multipole 
modes of the state according to Eq. (5.45).  Due to similar relativistic effects in hydrino atoms of similar p states, hydrino atoms 
may serve as the catalyst by disproportionation reactions such as ones given by Eqs. (5.62-5.80).  Disproportionation reactions 
may propagate or cascade to very low hydrino energy states of corresponding very high p values.  The corresponding hydrino 
molecules have vastly shorter internuclear distances (Eq. (11.204)) such that finite rates of nuclear reactions may occur in the 
case of heavy hydrogen isotopes, deuterium and tritium.   

In the case that the electron spin-nuclear interaction is negligible, using Eq. (1.292), the relativistic potential energy of a 

hydrino atom H 1/ p   of a given state p is 
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wherein the radius given by Eq. (1.289) is 
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and Eqs. (28.8-28.9) were used.  Thus, the energy hole according to Eqs. (5.112), (5.5), and (5.45) is  
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which in the low-speed limit is 27.2 m eV  given by Eq. (5.5).  Using Eq. (1.294) and Eqs. (5.6-5.9), the energy released from a 
hydrino state p during the transition involving an energy hole of quanta m is given by the difference in ionization energies 
between the initial and final energy states wherein the final p

f
 state is p

f
 p  m: 

 E  m
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c2 1  p 2
 1  p  m  2





 (5.115) 

In the low-speed-limit the energy released is given by Eq. (5.9).   
Consider the hydrino photon electric field given by Eq. (5.27) that superimposes and increases the proton field at the 

position of the electron and the mechanism of its creation given in the Energy Hole Concept section.  For sufficient energy 
available in the central electric field of the binding positive center, the highest p quantum number possible is p=137 due to the 
limiting speed of light for the bound electron.  Otherwise, the p quantum number may be lower.  In the case of a proton as the 
binding center, all the energy in the electric field of the proton is converted to relativistic kinetic energy and binding energy 
before the p =137 state can be reached.  For H(1/p), the minimum radius corresponds to the energy level at which the total 
energy in electric field of the nucleus has been released as ionization energy and relativistic kinetic energy, the sum of which is 
given by Eq. (5.112).  This total energy is the potential energy of the electric field of a proton given by Eqs. (1.261) and (5.112) 
wherein the radius is the radius of the proton given by Eq. (37.1): 
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Then, the minimum radius and the maximum value of p is determined by equating Eq. (5.112) to Eq. (5.116): 
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The reiterative solution of Eq. (5.116) is p = 126 corresponding to a minimum radius of 1.651X10-13 m.  Using Eq. (5.115), the 
energy for the cascade of a hydrogen atom to the final state of H(1/126) results in an energy release of 2×105 eV.  This energy 
release process is the basis of a clean, non-nuclear power source that is autonomous of the grid and fuels infrastructure with a 
projected on-site electricity generation cost of $0.001/kWh, a factor of about 200 times less expensive than other power sources 
[59]. 

Next consider the consequences of a producing a hydrogen atom with the minimum radius of 1.651X10-13 m by driving 
the cascade of hydrino transition reactions to this state.  The radius of a muonic hydrogen is given by the Bohr radius (Eq. 
(1.256)) with the mass of the electron replaced by the mass of the muon, 1.883X10-28 kg resulting in a radius of 2.560 X10-13 m.  
Comparing the muon radius to the minimum hydrino radius demonstrates that in the limit, the hydrino atom H(1/126) is 1.55 
times smaller than the muonic hydrogen atom such that the fusion rates should be comparable.  Unlike inertial confinement 
fusion and confined plasma fusion that require temperatures on the order of 108 K, muonic catalyzed fusion may occur at close 
to room temperature, so it was dubbed “cold fusion”.  However, muonic catalyzed fusion is not cold in the sense that long 
confinement times at very high vibrational energies are required to cause the close approach of the fusing nuclei against the 
nuclear coulombic repulsion [60].  The non-relativistic vibrational energies for molecular hydrino are given by Eq. (11.223) as 

E
vib
 p20.517 eV , and the relativistic atomic radii are given by Eq. (5.113).  A sufficiently high p can provide vibrational 

energies and close approach of nuclei of corresponding molecules sufficient for fusion to ensue.  Considering the 2p  

dependency of the vibrational energies of H
2

1/ p  , and excitation of highest vibrational energy state at the bond dissociation 
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limit (e.g.   9), the state p 15 can achieve comparable vibrational energies as muonic molecules; yet, the 15p   hydrino 
atomic radius (Eq. (5.113) and corresponding molecular hydrino internuclear distance are about 14 times greater than those of 
the muonic species.  The p  state that achieves comparable dimensions to those of muonic atoms and molecules is 115p   (Eq. 
(5.113)) which has a corresponding nonrelativistic vibrational energy of 6840 eV.  Only the lowest energy vibrational state 

would likely be populated with the energy from bond formation p2 4.478eV  (Eq. 11.252)) since the temperature required to 
excite 7 keV vibrational modes is on the order of 108 K, compared to an ordinary plasma temperature of about 1000 K.  
Considering that the muon catalysis event occurs on the time scale of 0.5×10-12 [61], and the internuclear distance of hydrogen-
isotopic molecular hydrino such 2H2(1/p) and 3H2(1/p) may be shorter than the corresponding muonic molecules, very high 
fusion rates may be achieved with a large population of high-p-state molecular hydrinos.   

Hydrino Catalyzed Fusion (HCF) has utility to produce (i) neutrons (D + T and D + D fusion), and (ii) 3He, tritium, and 
high energy protons (D + D fusion) which have industrial applications.  Using heavy hydrogen, trace production of tritium by 
HCF may be competitive with atomic accelerators and hot fusion reactors.  According to a study by Kovari [62], D-D tritium 
breeding might cost $2 billion per kilogram tritium produced.  Tritium stockpiles are projected to be depleted near term wherein 
Savannah River’s tritium facilities are the United States' only source of tritium, an essential component in nuclear weapons. 

Consider the consequence of the formation of the state wherein p =127.  In this case the central photon field may increase 
without sufficient energy to increase the relativistic kinetic energy of the electron required to maintain a stable non-radiative 
orbit.  Specifically, the increased electric field due to the photon results in the corresponding central electric field force 
exceeding the centrifugal force.  In this case, the electron may collapse onto the proton, and the proton may decay.  The products 
of the widely believed pathway for proton decay are a positron and a neutral pion that further decays into two gamma rays.  In 
the hydrino decay pathway, the hydrino electron annihilates the positron and emits two 511 keV photons.  The total energy 
release of 930.8 MeV is that of the annihilation of H(1/126) which is the sum of the mass energy of the proton (931 MeV) and 
the electron (511 keV) minus the binding energy of H(1/126) (200.9 keV) given by Eq. (5.115).  The reaction is given by: 
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wherein e is the positron, e is the electron, 0  is the neutral pion, and   is a gamma ray.  Collision of the positron with the 
electron produces the characteristic 511 keV annihilation energy emission.  511 keV radiation is observed as a distinct peak in 
the cosmic gamma ray spectrum (Figure 5.4) wherein the origin is yet unknown [63-68].   
 
Figure 5.4.   Fit of the spectrum of the positron annihilation emission measured by SPI with narrow and broad Gaussian lines 
and an ortho-positronium continuum (Prantzos et al., 2010, ref. [67]). 

 
 
A forerunner explanation of the diffuse 511keV positron annihilation emission [63-68] with no point source [64] and a narrow 
line-width [67-68] is decaying dark matter [63-68] that is consistent with the hydrino as the identity of dark matter as given in 
the Composition of the Universe section and Refs.[9, 58] with H(1/p) decay (Eq. (5.118)) as the 511 keV source.  Further 
support of this assignment is that the neutral pion decay energy is also observed as a maximum intensity broad peak in the 
cosmic gamma ray spectrum [69]. 

Specifically, the 511 keV gamma ray line intensity observed by the INTEGRAL/SPI experiment is consistent with the 
galactic bulge annihilation rate of ∼ (1.5±0.1)×1043 low-energy positrons per second within ∼ 1 kpc (3.26×103 light years) of 
the galactic center [63-64].  The prior inexplicable source of low-energy positrons from the Milky Way bulge is assigned to 
hydrino decay wherein hydrino is the identity of dark matter in agreement with many analyses indicating that dark matter decay 
is the most plausible assignment [63-68].  Consider the magnitude of mass of H atoms that undergo decay over the oscillatory 
cycle of the universe at the bulge rate corrected for the size of the galactic dark matter halo.  The Milky Way is a barred spiral 
galaxy that is roughly 100,000 light years across and 1,000 light years thick.  The Milky Way's dark matter halo is estimated to 
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extend roughly 1,000,000 light-years in radius, meaning it is significantly larger than the visible bulge of the galaxy, which is 
around 5,000 light-years in radius [70].  The halo is thought to contain most of the galaxy's mass and is dominated by dark 
matter.  The H(1/p) decay rate corrected for the volume of the halo relative to the sampled volume of the bulge is about 1.5×1050.  
Multiplying dark matter-halo-corrected decay rate of 1.5×1050/s times the oscillatory period of the universe of 9.83×1011 years 
(Eq. (32.149)) gives total mass of decayed hydrino atoms and corresponding protons of the Milky Way of 6.2×1042 kg 
compared to the total mass of the Milky Way galaxy of about 6×1042 kg [70].  This estimate demonstrates that H(1/p) decay is a 
very prominent process in the evolution of the cosmos.  The decay rate decreases with time in the expansion phase of the 
expansion-contraction cycle of the universe, but the measured rate is low since it assumes that the positron travels great distances 
before encountering an electron and annihilating whereas the positron annihilates with the electron of H(1/p) and does not travel.  
Further decay of proton mass/energy occurs through the mechanism of matter to energy conversion during fusion and other 
nuclear reactions culminating in the formation of black holes.  Subsequently, when the mass density of a black hole reaches the 
threshold of the Planck mass density a gamma ray burst occurs contributing to the energy portion of the pathway of recycling of 
protons as given in Composition of the Universe section.  Concerted H(1/p) decay may also give rise to gamma ray bursts 
consistent with the gamma ray spectrum recorded on a burst [71] showing a characteristic “π0-decay bump” [69].  These are 
likely, the long duration, lower energy type gamma ray bursts. 

In addition to 511 keV gamma ray emission, neutral pion π0, gamma and X-ray, and neutron emission are observed 
from a broad array of astrophysical environments such as interstellar medium, supernova remnants (SNRs), molecular 
clouds, galaxy clusters, and other sources [69] as well as solar flares [72] and thunderstorms [73].  In the latter cases, the 
Italian Space Agency’s AGILE observatory found that the energy spectrum of terrestrial gamma-ray flashes extends up to 100 
MeV [74], and100 MeV gamma, 511 eV, as well as neutral pion decay radiation and neutrons were recorded on solar flare 
emission [72] wherein neutron emission was observed by 2.223 MeV emission due to the capture reaction with protons to form 
deuterium.  Shane et al. [75] report on data from Fermi LAT of solar flare spectra showing the characteristic “π0-decay bump” 
[69] and a cutoff of about 1 GeV.  A proposed source of the Sun’s gamma rays is decaying dark matter [76].  These signatures 
are characteristic of decay of hydrino atoms H(1/p) each comprising a proton and an electron in a high p state.  The neutral pion 
π0 emission has a distinct bell-type feature (“π0-decay bump”) between 100 MeV and a few GeV [69].  The energy of the mass to 
energy conversion of the proton's mass of 938.27 MeV and the electron’s mass of 511 keV of a first hydrino may be transferred 
as kinetic energy or as a gamma ray to a proton such as that of a second hydrino in proximity, or alternatively to a proton of a 
hydrogen atom.  The gamma ray incident a proton may give rise to neutron production.  The neutron production reaction from 
hydrino decay is given by the photoneutron production reaction in hydrogen [77]: 
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 (5.119) 

where p  is the proton, n  is the neutron,    is the positive pion,   is the positive muon, e  is the electron neutrino,   is the 

muon neutrino, and   is the muon antineutrino.  The neutral pion decays to two gamma rays.  The positive pion decays to a 

positive muon and a muon neutrino.  The positive muon decays to a positron, an electron neutrino, and a muon antineutrino.  The 
positron annihilates with an electron to produce two 511 keV gamma photons.  Overall, photoneutron production from a proton 
additionally produces four gamma rays and three neutrinos, one of electron flavor and two of muon flavor.  Another possible 
reaction is that the gamma ray energy of the decay of a first hydrino atom causes the production of an energetic neutron and an 
electron neutrino from a second hydrino atom: 
    1/     eH p n v     (5.120) 

The pathway of Eq. (5.119) predicts 2 muon neutrinos to 1 electron neutrino which matches the results of solar neutrino 
experiments.  Specifically, photoneutron production Eq. (5.119) predicts the relative number of electron to muon neutrinos 
being 1/3 and 2/3 of the total, respectively.  The predicted electron and muon neutrino ratios match solar neutron 
observations by detectors such as the Homestake Solar Neutrino Experiment, GALLEX, SAGE, Sudbury Solar Neutrino 
Observatory, and Kamiokande and Super-Kamiokande detectors [78].  The results do not match the Standard Solar Model 
prediction of an electron neutrino intensity 3 times higher than observations with no muon neutrinos observed.  The only 
direct evidence that fusion occurs in the Sun and stars is the solar neutrino data.  However, the solar neutrino data indicate that 
the source of sunlight from the Sun is not only the p-p chain to form helium nuclei from protons by fusion.  Rather the hydrino 
driven chain: 
 
      –    –   hydrino decay neutron production neutron capture beta decay  (5.121) 
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contributes significantly.  Proton-proton fusion has not been measured in the laboratory under any condition and may not occur 
in the Sun.  The p-p chain may be initiated by protons undergoing neutron capture to form deuterium.  Additionally, the neutron 
capture and beta decay reaction may repeat to higher atomic number elements as known in the formation of heavier nuclei than 
iron during supernova.  The possibility that the p-p chain was not the only source of solar power was considered by Bahcall [78].  
According to Bahcall, [78] the possibility of a revolutionary discovery of a new source of energy in the Sun based on a prior 
undiscovered process is an open question. 

This neutron production reaction is more favorable for high-p-state H(1/p), and this reaction suppresses gamma emission 
from the primary hydrino decay reaction.  The production of neutrons can be observed by the subsequent signature of neutron 
capture reactions.  Neutron capture by protons to form deuterium produces a characteristic 2.223 MeV peak that is observed in 
cosmic gamma ray spectra [79-81] and spectra of solar flares [72] wherein the energy to drive the neutron-production reactions 
is assigned to proton decay of high-p-state hydrino atoms and molecules.  Other nuclei of interstellar medium are capable of 
undergoing neutron capture resulting in isotope shifts and atomic number shifts.  Abundances and depletions of other neutron-
capture elements in addition to proton and deuterium nuclei have been observed in the interstellar medium consistent with a high 
neutron flux wherein the source of the neutrons is assigned to hydrino decay (Eq. (5.118)) [82-83]. 

The power from hydrino decay may be very high wherein the energy yield is equivalent to matter-antimatter annihilation.  
For example, the power of a solar flare can exceed that of one billion hydrogen bombs.  Consider that the solar flare event is 
powered by the hydrino transition and decay reactions.  These reactions are capable of positive feedback wherein the rates 
increase as the plasma temperature rises from reaction heating.  Consider the limit of the highest p value for a hydrino state 
H(1/p).  The energy release per hydrino atom decay in a so called “dark matter device” given by Eq. (5.118) is 930.8 MeV 
(1.49×10−10 J) corresponding to 89.8 TJ/mol, or 89,806 TJ/kg with no radioactive fuel or products involved and absent the 
requirement of a critical mass.  As an atomic bomb comparison, the fission of one atom of uranium-235 locally releases 202.5 
MeV (3.24×10−11 J) corresponding to 19.54 TJ/mol, or 83.14 TJ/kg with another 8.8 MeV that is lost as anti-neutrinos.  As a 
chemical comparison, the energy released by detonation of 1 kg of TNT is 4.184 MJ.  The hydrino decay reaction is 
thermonuclear in nature such that the reaction can go to completion.  Any size material may be made to detonate by means such 
as the creation of an electrical arc or a shock wave in a material comprising at least one of high-p-state H(1/p) and H2(1/p) 
initiated by a detonation of conventical explosive, explosive wire detonation, blasting caps, or use of other conventional 
detonators to create at least one of an arc, shock wave, and high thermal event.  Given that the energy production of hydrino 
decay is 1080 times nuclear and 2.15×1010 times TNT, detonation of an exemplary energetic hydrino material comprising a 
1g hydrino (H(1/p), p>>4) (less than the size of a sugar cube) can release 25 kilotons of explosive energy equivalent to twice 
that of early atomic bombs.  Serving as a fuel, 1 g of hydrino (H(1/p), p>>4) can provide enough energy to power over one 
million homes for a year.  Additionally, hydrino decay can serve as a source of neutrons that can propagate transmutation by 
fission reactions such as fission of 235U, 239Pu, 7Li, and 6Li to form desired products such as energy, tritium, and neutrons.  The 
fission energy release may further serve to drive thermonuclear fusion reactions for important applications such as radionuclide 
and isotope production or radioactive waste remediation, weapons, and power.   

In the case of extraordinarily high p states approaching p = 126, bonding with inner shell electrons may result in fusion of 
higher atomic number elements than hydrogen.  Such states wherein a high-p-state hydrino atom served as a “fat neutron” is 
supported by such a species formed by muonic atoms [84].  

Another more favorable transmutation reaction pathway especially for heavy elements is by neutron capture.  
Specifically, a further application of neutron production by hydrino decay is transmutation by neutron capture followed by beta 
decay.  In general, isotope transmutation occurs when nuclei absorb neutrons.  This process may occur until an unstable isotope 
is formed and subsequently undergoes beta decay with an increase in atomic number, balance of proton to neutron ratio, and 
stability.  Hydrino decay may serve as a neutron source.  Transmutation by neutron capture or fission is valuable for several 
industrial applications such as production of elements and isotopes of elements with industrial applications such as radioisotopes 
for medical and labeling purposes and as nuclear fuel.  Transmutation may also be useful for remediation of radioactive waste.  

In addition to photoneutron production from high-energy gamma photons reacting with protons, high-energy gamma rays 
incident deuterium may cause photoneutron production [85] with a threshold of 2.223 MeV by the reaction: 
   d n p      (5.122) 

where d  is the deuterium nucleus, p  is the proton, and n  is the neutron.  Several research laboratories report results consistent 
with the production of neutrons and neutron capture and well as transmutation reactions that are caused by neutron capture 
followed by beta decay from H and D reactants.  The experiments like those reported by Mills et al. [86] involve creation of 
atomic hydrogen by aqueous electrolysis on a cathode comprising at least one of a metal and a co-deposited metal such as Ni, 
Pd, or Pt that is favorable to dissociate and absorb hydrogen wherein hydrino reactants comprising a source of H(D) and 
HOH(DOD) catalyst are generated.  Jones for example reports anomalous neutron emission from cathodes during aqueous 
electrolysis [87], and Smith et al. [88] report neutron emission from co-deposition cathodes during aqueous electrolysis.  
Palladium and platinum are examples of candidate elements wherein hydrino decay followed by neutron capture by the nucleus 
of a heavy element creates isotope ratios different from those of natural abundance wherein the product may decay by beta 
emission to form the element with the next higher atomic number.  Palladium and platinum are known to undergo neutron 
capture followed by beta emission with silver [89-90] and gold [91] as the products, receptively.  Gadly et al. [92] also report the 
emission of fast neutrons from Pd cathodes undergoing aqueous electrolysis recorded with a diamond detector, gas filled 3He 
detectors after thermalization with high density polythene, as well as novel epoxy resin, and CR-39 detectors.  Gadly et al. [92] 
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further report observations of transmutation of the Pd to Ag consistent with the anticipated neutron capture-beta decay reaction.  
Consistent with neutron capture and neutron capture with beta decay Pala et al. [93] report the observation of Pt and Pd isotope 
shifts as well as transmutation of Pd to Ag and Pt to Au from isotope and elemental analysis (EDX, WDS, ICPMS, and ToF-
SIMS) of a Pt cathode onto which Pd is co-deposited during aqueous electrolysis.  High energy tracks in CR-39 detectors 
consistent with several neutron-induced carbon-12 nuclear splitting reactions were also reported indicating that the neutron 
energy was greater than the threshold of these reaction of 100 MeV [94].  Energetic neutron, particle, and gamma ray production 
recorded by CR-39 detectors on the co-deposition experiment were reported earlier by a group at SPAWAR [95-97] as well as 
other researchers [98].  

Carbon does not readily undergo fission; it is considered too small and stable to split apart in a fission reaction, making it 
much more likely to participate in fusion instead, especially when considering its most abundant isotope, carbon-12.  However, 
products of the over 1 GeV hydrino decay event are energetic neutrons.  When high-energy neutrons collide with heavy nuclei, a 
reaction called spallation occurs, where the heavy nucleus is violently broken apart, emitting multiple smaller particles like 
protons, neutrons, alpha particles, and other lighter nuclei, effectively "spalling" or chipping away at the heavy nucleus; this 
process is often used to produce secondary beams of particles in particle accelerators.  Spallation may also occur after a neutron 
is captured wherein the nucleus fragments into several parts.  The process is important only at energies more than 100 MeV for 
the incident neutron, and the cross sections increase to energies as high as 400–500 MeV.  Several neutrons may serve to carry 
increased energy to the spallation reaction whereby deexcitation gamma rays may be emitted [99].  Kumar et al. [100] also 
report spallation products in addition to isotope shifts and transmutation products during aqueous electrolysis.   

H(1/p) of high p state may be produced by successive transitions of H(1/p) to lower-energy, higher p states catalyzed by 
other hydrino states once formed by HOH catalyst.  This reaction requires long H(1/p) containment times, a source of activation 
energy, and a source of H(1/p) to serve as reactants and catalyst.  Metal can serve as matrix as demonstrated by electrolysis at 
metal cathodes and by co-deposited metals on base metal cathodes [93, 95-98] wherein the HOH (DOD) catalyst and H (D) to 
form H(1/4) (D(1/4) are produced by aqueous electrolysis, and the applied electrical power may serve as the source of activation 
energy.  In the case that the cathode comprises a water-reactive metal that reacts with the electrolyte to form atomic H on the 
cathode surface, the hydrino reaction may be enhanced by the production of H.  For example, Kumar et al. [100] report superior 
transmutation results with a Kanthal cathode and a basic electrolyte wherein aluminum reacts with water in basic solution to 
evolve atomic H.  The hydrino reaction may be promoted using hydrogen storage and dissociating materials, such as nickel, 
palladium, and platinum.  Moreover, the hydrino reaction may be made more efficient by intermittent application of electrolysis 
current where in hydrogen created on the metal cathode surface, and the metal serves to dissociate as the metal absorbing 
releases hydrogen during the off phase of the intermittent cycle as shown by Mills et al. [86].  Gas chromatography of gas 
collected from the SunCell, a plasma based hydrino reaction system comping two molten tin injectors to maintain two 
intersecting molten metal streams, demonstrated the formation of high-p state H(1/p) [58] wherein supplied H2 and trace O2 
supply the H and HOH catalyst, and at least one of the high temperature plasma, and a low voltage high current applied through 
the molten metal streams provided the activation energy.  The high kinetic impact of ball milling also propagates chemical 
reactions [101].  EPR recorded on ball milled salts that provide a source of H and HOH catalyst as well as a matrix to trap 
hydrino demonstrated that high p states can be formed in this system as well [102].  A light source (e.g. high powered laser), a 
particle beam, or a high- or low-voltage high-current low-impedance electricity source may provide at least one of high power 
density irradiation, activation, arc plasma formation, and heating of solid (e.g. solid fuels reported by Mills et al. [8-12]), liquid 
(e.g. aqueous) , or gaseous hydrino reactants each comprising a source of H and a source of HOH to provide high reaction 
kinetics to form high-p-state H(/p) wherein at least one of the laser, particle beam, and high- or low-voltage high-current low-
impedance electricity source provides the activation energy. 

H(1/p) comprises an unpaired electron such that it is magnetic.  Furthermore, molecular hydrino such as H2(1/p) 
comprises a paired and an unpaired electron in a single molecular orbital (MO) with a current density function given by ½ (↑↑ + 
↓↑) wherein the current density function of H2(1/p) is given graphically by the sum of current density of Figure 11.2 plus ½ 
times the current of Figure 11.2 superimposed on its mirror image as given in the Parameters and Magnetic Energies Due to the 
Spin Magnetic Moment of H2(1/4) section.  The unpair MO electron gives rise to spin flip transitions observed by electron 
paramagnetic spectroscopy (EPR) and well as magnetism observed by magnetic susceptibility measurements [58, 103].  EPR 
was reported on a matrix material Ga(O)OH that had the rare ability to trap individual H2(1/4) molecules in a gas-like state that 
allowed for the study of theoretically predicted fine structure in the EPR hydrino signature.  Specifically, Hagen and Mills [102] 
reported the theoretically predicted g factor for the spin flip transition with the predicted extraordinary features of a series of 
multiplets due to fluxon linkage within a series of multiplets due to spin-orbital splitting between the diamagnetic paired and 
paramagnetic unpaired electron of the MO during the EPR transition.   

As a sequel to the 2022 paper, Hagen and Mills [103] report a large down-field singlet signature and temperature 
dependencies recorded by EPR that confirm the theoretical prediction of the formation of molecular hydrino dimers [H2(1/p]]2 as 
an extension of ordinary hydrogen chemistry.  H2 is known to form dimers [H2]2 at cryogenic temperatures whereas [H2(1/p]]2 
was shown to be stable at elevated temperatures.  Moreover, at low temperatures, it was observed that [H2(1/4]]2 dimers side to 
side anti-paired to form tetramers that were not EPR active.  As the temperature was raised the EPR singlet for the dimer 
reappeared at the predicted temperature.  The results further show the production of H2(1/8) and [H2(1/8]]2 dimers indicating 
greater release of energy than production of H2(1/4).   

The observation of the formation of a dimer between molecular hydrino H2(1/4) and H2 ([H2-H2(1/4)]) and the 
temperature dependence of hydrogen release explains the massive amounts of hydrogen observed from salts containing 
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molecular hydrino reported previously [58, 103].  These salts are not known to absorb any hydrogen and indicate a new very 
significant technology comprising the conversion of common salts to hydrogen storage materials which are of great industrial 
value.  These results further indicate the entrapment of hydrino promotes the further entrapment by a magnetic attraction.  Very 
high magnetic fields are possible as shown by Hagen and Mills [103].  The use of ferromagnetic material such as Ni electrolysis 
cathodes or the use of FeOOH in the case of ball milling [58] with the further application of an external magnetic field would 
further boost the entrapment of hydrino and promote the formation of high-p-state H(1/p).  A further implication of the 
formation of H(1/p), H2(1/p), [H2(1/p]]2, [H2(1/p]]4 ,…, [H2(1/p]]n and corresponding D and T species is that multiple neutrons 
may be formed via decay of H(1/p) or D(1/p) due to the increased favorability of hydrino species to undergo these reactions.  
Dineutrons [104] and possibly tetraneutrons [105] are known to exist. 

Fusion is another possible reaction for hydrogen isotope nuclei that have acquired high kinetic energy from hydrino 
decay.  This reaction is limited to light nuclei wherein the exemplary Coulonb barrier for proton-proton fusion is 1 MeV [106].  
Miles et al. [107] report the production of helium-4 by nuclear fusion of deuterium during aqueous electrolysis.  In this case, 
room temperature or so called “cold fusion” is possible via hydrino decay in addition to a hydrino-muonic mechanism, but as in 
the case of room temperature muonic catalyzed fusion the reaction mechanism is not cold.   

Helium-4 can also be formed by hydrino-decay-produced neutrons causing fission the LiOH electrolyte used [108].  
Specifically, 6Li or 7Li may undergo fission to 4He and 3H with additionally a neutron product in the case of 7Li.  Both fusion 
and hydrino decay are favorable for high-p-state H(1/p).  Fusion and hydrino decay require a hydrino transition reaction cascade 
such as one propagated by disproportionation reactions to hydrino states of high p.  The cascade is favored by (i) massive 
kinetics, (ii) hydrino and plasma confinement, and (iii) increasing duration of the hydrino reaction.  One exemplary system to 
cause massive kinetics and hydrino and plasma confinement is detonation of hydrino reactant solid fuels under arc current 
conditions [54-58].  Hydrino confinement is achieved by using as a component of the reactor comprising at least one of (i) a 
source of an applied magnetic field and (ii) a cryogenic system, or a hydrino reactant mixture comprising at least one of (i) a 
solid material to absorb hydrino atoms such as a metal surface or bulk metal such as one that also absorbs H atoms (e.g. Ni, Ti, 
Pd, Pt, Nb, or Ta) [58], (ii) a magnetic material such as FeOOH or Fe2O3, that favors magnetic bonding of hydrinos [58], and 
(iii) an oxide such as a metal oxide such as GaOOH or Ga2O3 that binds hydrinos [58,102].  Mosier-Boss et al. [96] report a 
summary of the nuclear signatures of hydrino decay observed ubiquitously from astrophysical and terrestrial sources are also 
observed from aqueous electrolysis experiments at hydrogen absorbing cathodes.  Specifically, the nuclear signatures of 
energy, neutrons, helium-4, tritium, gamma rays, X-rays, energetic particles, spallation products, isotope shifts, and 
transmutation of heavy elements were observed.  The evidence for fusion [107] has an alternative fission explanation, and the 
fusion assignment is discounted due to the observation of the absence of the known branching ratios for helium and tritium 
products of the D-D fusion reaction [108], and tritium is also a separate product of photoneutron capture by deuterium. 
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